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Field of Invention 

[0001] The present invention relates to a method for sensing and a magnetic sensor for 

moving objects. More particularly, the present invention relates to a sensor for 
determining speed and direction of moving or rotating targets, such as, for example, 
gears, shafts, joints, wheels, fans, turbines, tires, conveyors or like moveable objects. 

h 
o 

M> Background of the Invention 

||002] The demand for higher performance vehicles and for lightweight devices 

W 

* providing accurate speed and direction of rotation measurements for shafts, wheels, and 

I* 

|U gears continues to increase rapidly. As a result, improvements in electronics-based 

~! products for use in sensing applications are needed. For example, in the automotive 

industry, it is desirable to use sensors to accurately measure the speed and direction of 
rotation of wheels, transmissions, shafts, gears and other rotatable objects. This 
measurement information can be processed by on board computers in communication 
with the sensors to improve the fuel efficiency and power in automatic transmissions, to 
monitor the performance of the transmission or to control the automobile's braking 
systems (e.g. an Anti-lock Braking System). For example, in an automobile equipped 
with anti-lock brakes, a computer in communication with the automobile braking sensors 
may receive information relating to the tire's rotational velocity and rotational direction, 
process such information and thereafter control the automobile's brakes to lessen the 
severity of any perceived skid or braking malfunction. 
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[0003] A large number of speed and direction sensing devices exist. Such devices are 

discussed, for example, in U.S. Patent Nos. 5,880,585, 5,523,679, 5,264,789 and 
4,789,826. Furthermore, ring magnets or linear magnets are well known in the sensing 
arts. A conventional ring magnet 110 is illustrated in FIGS. 1A and IB, while a 
conventional linear magnet 109 is illustrated in FIGS. 1C and ID. Ring magnet 110 is 
typically formed in a circular pattern, having a plurality of alternating north and south 
pole permanent magnet segments. This 'chain' of magnets forms a circle or ring of 
magnets which, for example, can be placed or disposed circumferentially around an 
object. Similarly, linear magnet 109 is typically formed in an approximately linear 
g pattern, having a plurality of alternating north and south pole permanent magnet 

JT segments. For purposes of this discussion, the north polarity of each magnet is referred to 

If! m the drawin gs as item 113 while the south polarity is referred to in the drawings as item 

Jc 

Ef 112. 

5J 04 1 As seen in FIGS. 1 A through ID, a plurality of flux lines 1 02 are illustrated which 

|3 represent an exemplary magnetic field generated by each magnet. As is known in the art, 

P a magnetic field (represented by magnetic flux lines) exists such that the magnetic field 

flows from the north polarity to the south polarity regardless of the coordinate dimension 
used. For example, the flux lines illustrated in FIGS. 1A and IB may depict a magnetic 
field which is external to the ring magnet 110, internal to the ring magnet 1 10, or may 
depict a magnetic field in any orientation (e.g., three dimensional) flowing from the 
magnet's north polarity to the magnet's south polarity. Similarly, the flux lines 
exemplified in FIGS. 1C and ID may depict a magnetic field adjacent to the linear 
magnet 110 or may depict a magnetic field in any orientation (e.g., three dimensional) 
flowing from the magnet's north polarity to the magnet's south polarity. In each case, the 
flux lines flow away perpendicular (e.g., 103) from the magnet's north polarity (e.g., 1 13) 
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and magnetically curve or bend towards the magnet's south polarity (e.g., 112) where 
they flow back perpendicular (e.g., 105) to the magnet's south polarity. The area where 
the flux lines magnetically curve or bend can be represented by a portion of the flux line 
(e.g., 104) which is approximately horizontal or parallel to the magnet's surface in any 
given coordinate location. Thus, for example, as seen in FIG. IB, flux line 106 may 
represent a portion of a magnetic field which can be generated between any north polarity 
of a magnet and a south polarity of a magnet in any coordinate axis. 

[0005] A Wheatstone bridge, such as the representative circuit illustrated in FIG. 2, may 

be helpful in determining resistance of a variable resistor, and thus, it may be useful as a 

£j sensing means in some applications. A typical Wheatstone bridge includes resistive 

P elements R A (23 1), R B (232), Rc (233) and R D (234), all in electrical communication with 

U 

If! voltage source 210 and ground 240. A differential voltage Vb may be measured to obtain 

M a voltage signal that changes with changes in the resistance of each of the four resistive 

Jj elements R A (23 1), R B (232), Rc (233) and R D (234). A Wheatstone bridge such as the 

i v 

H one illustrated in FIG. 2 has the advantage of being able to self-compensate for 

p temperature variations in the range of, for example, -40° to 200° Centigrade. Thus, for 

example, a Wheatstone bridge could be used in thermocouple applications. 
[0006] When a sensor is placed within a magnetic field, the sensor's resistors may be 

influenced by the magnetic field. As illustrated in FIG. 3 A, a magnetic field (e.g., flux 
lines 102) which runs substantially parallel to a resistive device 301 tends to have little or 
no electrical effect on the resistive device. In contrast, as illustrated in FIG. 3B, a 
magnetic field 102 which runs perpendicular to the resistive device 301 appears to 
electrically influence the resistive device and appears to change the resistivity of the 
device. 
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[0007] Prior art magnetic sensing devices suffer from many disadvantages. For example, 

prior art magnetic sensing devices (such as silicon Hall integrated sensors) have a 
limitation of around 20 gauss minimum signal due to inherent stress-induced offsets. 
This reduces the range of available signal which in turn reduces the available mechanical 
tolerance. Using two independent sensors would produce placement errors which may be 
very difficult to tolerate in a manufacturing environment. 

Summary of the Invention 

[0008] The following summary of the invention is provided to facilitate an understanding 

of some of the innovative features unique to the present invention and is not intended to 

a 

Q be a full description. A full appreciation of the various aspects of the invention can only 

P 

f=f be gained by taking the entire specification, claims, drawings, and abstract as a whole. 

m 

[ff)|09] The method and device according to the present invention addresses many of the 

y. shortcomings of the prior art and further provides the advantage of, among other items, 

m 

generating the rotational velocity and rotational direction of a rotating object. In 

i U 

P accordance with one exemplary embodiment of the present invention, at least two bridges 

fr* 

are provided, each having resistors. The resistors are configured to be electrically 
influenced by a magnetic field from an adjacent array of magnetic elements. In another 
embodiment, the bridges are in electrical communication with a computing means, such 
as a microprocessor or a microcontroller. Thus, for example, each bridge may comprise a 
Wheatstone bridge in communication with a microprocessor. In another embodiment, at 
least two bridges in communication with a computing means may be provided adjacent to 
a magnetic array, each bridge having resistors which are electrically influenced by a 
magnetic field. In another embodiment, the present invention includes at least two 
bridges with each bridge having a first set of resistors and a second set of resistors 
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configured in a bridge, the first set of resistors being oriented approximately 
perpendicular to the second set of resistors. In another embodiment, the present invention 
includes at least two bridges fabricated as an integrated circuit, the bridges each 
comprising resistors which are electrically influenced by a magnetic field. In another 
embodiment, the present invention comprises at least two bridges, fabricated as an 
integrated circuit, with each bridge configured to be in communication with a computing 
means and each bridge having resistors which are electrically influenced by a magnetic 
field. 

[0010] The novel features of the present invention will become apparent to those of skill 

g in the art upon examination of the following detailed description of the invention or can 

p be learned by practice of the present invention. It should be understood, however, that the 

Iff detailed description of the invention and the specific examples presented while indicating 

m certain embodiments of the present invention, are provided for illustration purposes only 

jfn because various changes and modifications within the spirit and scope of the invention 

p will become apparent to those of skill in the art from the detailed description of the 

g invention and claims that follow. 

Brief Description of the Drawings 
[0011] The accompanying figures further illustrate the present invention and, together 

with the detailed description of the invention, serve to explain the principles of the 
present invention. 

[0012] FIGS. 1A-1B depict a prior art ring magnet exhibiting a magnetic field illustrated 

by a plurality of flux lines; 
[0013] FIGS. 1C-1D depict a prior art linear magnet exhibiting a magnetic field 

illustrated by a plurality of flux lines; 
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[0014] FIG. 2 illustrates a prior art circuit diagram of an exemplary Wheatstone bridge; 

[0015] FIGS. 3A-3B depict a resistive device in the presence of various magnetic field 

orientations; 

I 0016 ] FIG 4 illustrates an exemplary bridge in accordance with one aspect of the 

present invention; 

I 0017 ! FIG 5 illustrates a signal diagram representative of an exemplary Wheatstone 

bridge differential voltage measurement in accordance with one aspect of the present 
invention; 

t 0018 ] FIG 6 illustrates an exemplary pair of bridges in accordance with another aspect 

of the present invention; 

[Jjl9] FIG. 7 illustrates a signal diagram representative of exemplary Wheatstone bridge 

jM:' 

Ip differential voltage measurements in accordance with another aspect of the present 

Ld invention; 

lf® 2 °] FIG 8 illustrates an exemplary pair of bridges in accordance with another aspect 

^ of the present invention; 

[f|21] FIG. 9 illustrates an exemplary pair of bridges in accordance with another aspect 

of the present invention; and 
[0022] FIG. 10 illustrates a signal diagram representative of an exemplary Wheatstone 

bridge differential voltage measurement in accordance with another aspect of the present 

invention. 

Detailed Description 

[0023] The present invention may be described herein in terms of various functional 

components and various processing steps. It should be appreciated that such functional 
components may be realized by any number of hardware or structural components 
configured to perform the specified functions. For example, the present invention may 

76183.2200\PHX\1051433.5 _ 6 _ Express Mail No, EL426887221US 



employ various integrated components, e.g., buffers, sensors, bridges, voltage and current 
references, memory components and the like, comprised of various electrical devices, 
e.g., resistors, transistors, capacitors, diodes or other devices, whose values may be 
suitably configured for various intended purposes. Furthermore, these electrical devices 
may be in a semiconductor or like integrated circuit form. In addition, the present 
invention may be practiced in any magnet/sensor-based application. Such general 
applications that may be appreciated by those skilled in the art in light of the present 
disclosure are not described in detail herein. Further, it should be noted that while 
various components may be suitably coupled or connected to other components within 
r* exemplary circuits, such connections and couplings can be realized by direct connection 

i 

between components, or by connection through other components and devices located 
l n there between. 

[<|||24] In one exemplary embodiment of the present invention, the speed and direction of 

E-& a moving member is determined by decoding the signal from each of at least two bridges 

ft) 

separated by a distance and influenced by a variable magnetic field moving relative to the 
sensor. For example, in one exemplary embodiment, because of the phase difference 
between the two bridge output signals, the direction of movement may be determined by 
identifying the leading and lagging bridges. In another exemplary embodiment, the 
sensor comprises anisotropic magneto resistive (AMR) devices or, alternatively, giant 
magneto resistive (GMR) devices. 
[0025] The operation of one of the two bridges is understood with reference to an 

exemplary embodiment shown in FIG. 4. A bridge 130 is provided having a plurality of 
resistive devices, elements or runners 131, 132, 133 and 134 which may be configured to 
be electrically influenced by an adjacent magnetic field. In one embodiment, runners 131 
and 133 may be disposed within bridge 130 perpendicular to runners 132 and 134 such 
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that runners 131 and 133 may be electrically influenced by the portion of the magnetic 
field being perpendicular to runners 131 and 133 and such that runners 132 and 134 may 
be electrically influenced by the portion of the magnetic field being perpendicular to 
runners 132 and 134. For example, an exemplary bridge may be configured to include a 
plurality of resistive elements or runners electrically connected in a bridge formation 
(such as, for example, a Wheatstone bridge) so that a first set of runners R a and Rc may be 
oriented approximately perpendicular to the second set of runners Rb and Rd. 
[0026] As seen in FIG. 4, a representative bridge 130 communicates in one embodiment 

with a computing means 160 and may be disposed adjacent to a magnet array such as ring 
|J magnet 110. In this embodiment, ring magnet 110 rotates in an unknown direction and at 

g an unknown speed. As the ring magnet 110 rotates, the alternating north and south poles 

jjl of each of the individual north-south magnets (e.g., 113, 112) may pass by and 

M electrically influence the first set of runners Ra and R, and/or the second set of runners Rb 

rj and Rd within the bridge 130. As discussed previously, if the magnetic field is oriented 

O parallel to the resistive element or runner, it may not electrically influence each runner; 

jg- however, if the magnetic field is oriented perpendicular to the resistive element or runner, 

it may electrically influence the runner. Thus, in this embodiment, when the magnetic 
field is oriented parallel to the first set of runners Ra and Rc, the field may not electrically 
influence these runners. However, the magnetic field may electrically influence these 
runners if the field is oriented perpendicular to these runners. Similarly, in this 
embodiment, when the magnetic field is oriented parallel to the second set of runners Rb 
and Rd, the field may not electrically influence these runners. However, the magnetic 
field may electrically influence these runners if the field is oriented perpendicular to these 
runners. 
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[0027] In another aspect of the present invention, as illustrated in FIG. 5, a differential 

voltage signal Vb may be generated by bridge 130 and transmitted to computing means 
160. In this aspect, the voltage signal Vb received by computing means 160 represents 
when the bridge 130 is in direct facing relationship 510 with a pole (e.g., north or south) 
on an individual magnet, when the bridge 130 is in a direct transitional relationship 520 
between poles (e.g., a north pole to a south pole transition or a south pole to north pole 
transition) or when bridge 130 is in an indirect transitional relationship 530 between poles 
(e.g., somewhere between a direct facing relationship 510 and a direct transitional 
relationship 520). Thus, for example, when bridge 130 is in direct facing relationship 

M* with a pole as shown FIG. 4, the magnetic field may not influence runners Ra and Rc, 

O 

*=f which are substantially parallel to the magnetic field. However, the magnetic field may 

g«* 

in electrically influence runners Rb and Rd, which are substantially perpendicular to the 

y magnetic field. The influence of the magnetic field on all four runners may be sensed by 

n 

y> bridge 130, creating differential voltage signal Vb 510 as shown in FIG. 5 and processed 

1 

§3 by the computing means 160. 

[Op28] Similarly, when bridge 130 is in direct transitional relationship between poles, 

runners Ra and R, may be electrically influenced by a magnetic field perpendicular to 
those runners while runner Rb and Rd are not electrically influenced by the magnetic field, 
thus creating voltage signal 520 as shown in FIG. 5. When bridge 130 is in indirect 
transitional relationship between poles, runners R» and Ro and runners Rb and Rd may 
partially be influenced by the magnetic field or may not be influenced by the magnetic 
field, creating voltage signal 530 as shown in FIG. 5. 

[0029] In accordance with an exemplary embodiment of the present invention at least two 

bridges are employed to determine the rotational direction of the target. FIG. 6 shows an 
exemplary embodiment of the present invention with a second bridge 140. The second 
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bridge 140 includes runners and orientations similar to the first bridge and may similarly 
communicate with computing means 160. Second bridge 140 is, in one embodiment, 
disposed a predetermined distance away from first bridge 130 so that the Vb signal from 
second bridge 140 is phase shifted from the Vb signal from first bridge 130. In this 
embodiment, and with reference to FIG. 7, computing means 160 processes the first 730 
and second 740 Vb signals and determines the direction of rotation of the target (not 
shown) based on the phase shift 710 between the two signals and depending on which 
signal is leading the other. The signals may be processed using logic devices, such as 
exclusive OR devices, or through other integrated circuit processing devices or programs. 
[W30] With further reference to FIG. 6, attention is turned to the orientation of the 

bridges with respect to the ring magnets. Bridges 130 and 140 may, in one embodiment, 

P be oriented with a first group of runners in each bridge oriented parallel to a radial line 

-P ' 

y from the center of the ring magnet and a second group of runners in each bridge oriented 

|=i perpendicular to the radial line from the center of the ring magnet. In this manner, the 

O bridges 130, 140 may be angled with respect to each other to account for the curvature of 

111 

or specific design of the ring magnet 110. In another exemplary embodiment, illustrated 
for example in FIG. 8, bridges 130 and 140 may be oriented identically, ignoring the 
effect of the ring magnet curvature. It may be advantageous to ignore the curvature in a 
ring magnet due to efficiencies in constructing a single sensor that may be suitable for 
ring magnets of any diameter, size or shape. This orientation may also facilitate 
construction of the present invention in either a semiconductor embodiment or in a device 
made of electronic components. It should be understood, however, that bridges 130 and 
140 can be angled with respect to the radial line from the center of the ring magnet, that 
the resistive elements can be angled with respect to the radial line from the center of the 
ring magnet, or any combination thereof. 
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[0031] In yet another embodiment, the present invention may comprise two or more 

bridges in communication with a top or bottom side (as opposed to the end) of the ring 
magnet. In an exemplary embodiment, shown in FIG. 9, two bridges are shown adjacent 
to the side of ring magnet 110. In this embodiment, the bridge may be oriented in a plane 
approximately parallel to the surface of the plane of the side face (e.g., top or bottom) of 
the ring magnet 110. In this exemplary embodiment, the magnetic field exits the north 
pole 113 perpendicular to the side surface of the ring magnet 110, for example, at 910, 
and enters the south pole 112 perpendicular to the side surface of the ring magnet, for 
example, at 920. In this embodiment, when bridge 130 is in direct facing relationship 
pj with a pole as shown in FIG. 9 at position "A", the magnetic field may equally influence 

g runners Ra, Rb, Rc, and Ra, which are perpendicular to the magnetic field (i.e., in a 

HI direction pointing out of the page). However, when bridge 140 is in direct transitional 

fej relationship between poles as shown at position "B", runners Ra and Rc may be 

electrically influenced by a magnetic field that is parallel to the plane in which the 
g runners lie and perpendicular to runners R a and Rc while runner Rb and Ra may not be 

m electrically influenced by the magnetic field that flows parallel to those runners. 

[0032] In one exemplary embodiment, a sensor oriented as shown in FIG. 9 produces a 

signal V b from, for example, first bridge 130 as shown in FIG. 10. With further reference 
to FIG. 10, such a signal may, for example, depict zero volts (e.g., reference point 1000) 
when all four runners are equally influenced, as bridge 130 is in direct facing relationship 
with a pole. The V b signal may also show a maximum voltage level (e.g., reference point 
1010) when bridge 140 is in direct transitional relationship between poles. Furthermore, 
when bridge 130 is in indirect transitional relationship between poles, runners Ra and R, 
and runners Rb and Ra may partially be influenced by the magnetic field or may not be 
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influenced by the magnetic field creating voltage signal (e.g., reference point 1030 as 
shown in FIG. 10). 

[0033] Exemplary embodiments of the present invention can be designed or modified to 

encompass various applications or uses. For example, certain applications may require 
various sized, shaped or oriented magnets. Also, certain applications may use north and 
south pole segments that are the same size, while other applications may use magnetic 
segments that vary in size. Or, certain applications may comprise sensors located outside 
the ring magnet, inside the ring magnet, oriented toward the surface of the side of the ring 
magnet, or in any other position adjacent to the ring magnet. Furthermore, the magnets 
jj may be used in a linear array for sensing the speed and direction of linear moving objects 

g such as hydraulic equipment, conveyor belts, and other linearly moving machinery. 

ifl 34 ! The present invention may be used in various embodiments. For example, in one 

W embodiment, the sensors may be placed approximately 3 mm to 20 mm from ring magnet 

I* 110. In another embodiment, first bridge 130 may be located a distance from second 

|j bridge 140 such that their respective Vb signals are 1.5° out of phase from each other, for 

rj example, 1 .4-1.5 mm apart. The spacing between the two bridges may also be dependent 

on factors such as size of the shaft, sensitivity of the bridges, and diameter of the ring 
magnet. 

[0035] Several advantages exist in exemplary aspects of the present invention. In an 

exemplary embodiment, the two bridges are formed or fabricated on a single integrated 
circuit, thereby improving sensor sensitivity and accuracy, reducing the size of the sensor, 
reducing the manufacturing costs, increasing the efficiency of producing the sensor, and 
simplifying the manufacturing process. In an all- semiconductor environment, tighter 
manufacturing tolerances can be achieved (on the order of a few microns) compared to 
tolerances that can be reasonably achieved if the bridges are separately placed (on the 
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order of 2-10 thousandths of an inch). FIG. 6 illustrates an exemplary semiconductor 170 
containing both bridges. Furthermore, computing means 160 may also be included on the 
same semiconductor 170. For further background on combining a sensor in bipolar 
circuitry, see U.S. Patent No. 5,667,879, owned by the applicant, the general functionality 
of which is incorporated by reference. 
[0036] In various embodiments, the number of runners, number of Wheatstone resistance 

elements, number of sets of resistive elements, and the orientation of the runners may 
vary. The sensitivity of the bridge may depend on many factors, such as: orientation of 
the runners, position of the bridges, resistance of the runners, size of the runners, number 

pj of runners, current desired in the circuit, voltage desired, thickness of the film and 

o 

composition of the magnetic sensing film. Each resistor Ra, Rb, Rc, and Ra may represent 

jM 

m an individual component or multiple components combined to achieve the desired 

W specifications. For example, resistor Ra, may comprise resistors in parallel, or resistors in 

jjj series, or a combination of resistors in parallel and series. Although described as 

m resistors, these components may be other components or may be semiconductor versions 

O 

£T of these resistors or components. 

[0037] With respect to the location of the runners Ra, Rb, Rc, and Ra, even while 

maintaining the orientation of these runners, it is possible to change the placement of the 
runner sets on the bridge. For example, Ra could be swapped with Ra, or Ra and Rc could 
be swapped with Rb and Ra. Any layout of the sets of runners may also be acceptable. 
Furthermore, while in one exemplary embodiment of the present invention sets A and C 
are perpendicular to sets B and D, in other embodiments the two groups of runners could 
be oriented in various directions relative to the ring magnet. For example, all the sets of 
runners may be oriented parallel to each other in a differential bridge which uses the 
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spatial placement of the runners to generate the signals that are used to determine the 
speed and direction of the rotating object. 
[0038] Although the present invention has been described in terms of a dual bridge sensor 

for sensing the speed and direction of a moving object, in another aspect of the invention, 
a single bridge speed sensor is also disclosed. Additionally, any number of sensors can 
be employed. With reference to FIG. 4, a sensor comprising a single bridge 130 provides 
signals to a computing means 160 representative of the passing of discrete magnetic 
segments or transitions between those segments. Therefore, using standard calculation 
techniques, the speed of rotation can be determined using similar methods and structures 

S<* as disclosed herein for speed and direction sensors. 

O 

[0^939] The present invention has been described above with reference to an exemplary 

p. 

La, 

embodiment. However, those skilled in the art will recognize that changes and 

s 

§e§ modifications may be made to the exemplary embodiment without departing from the 

jM scope of the present invention. For example, the various components may be 

5 

O implemented in alternate ways, such as varying or alternating the steps in different orders, 

111 

and changing the physical placement and orientation of the sensors and bridges and 
runners to achieve the same results. These alternatives can be suitably selected depending 
upon the particular application or in consideration of any number of factors associated 
with the operation of the system. In addition, the techniques described herein may be 
extended or modified for use with other types of devices, in addition to a ring magnet 
sensor device. For example, the invention may be implemented in linear speed sensing 
devices such as conveyor belts, robotics, automotive steering, suspension or other 
devices. These and other changes or modifications are intended to be included within the 
scope of the present invention. 
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